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INTRODUCTION
Manganese is classified as one of the strategic metals.
It is mainly used by iron and steel industry. It is an es­
sential addition to all steels and is required as a high per­
centage alloying element in wear-resisting steels. It is 
used as a scavanger for removing oxygen and counteracting 
sulphur from the steel, producing sound ingots, and when 
present in small excess, imparts desirable working properties 
to the finished product. Commercially the metal is available 
in four forms. Ferroalloy (78-82$ Mn), spiegeliesen (18-22$ 
Mn), silicomanganese (55-70$ Mn), and a high manganese pig 
iron (4-10$ Mn). Of these, the ferroalloy is most extensive­
ly used as it involves a minimum of foreign additions to the 
steel.
Approximately 90$ of the world’s supply of these ores is 
derived from India, Russia, Brazil and Africa. The chief ores 
of Manganese are those containing manganese in the quadrivalent 
state as dioxide.
The United States requires over a million tons of ore 
annually, and imports 90$ of this requirement.
There are large and widely distributed deposits of low 
grade manganese in the United States, but they are not suitable 
for thermal reduction because of their high silica and low 
manganese content. These deposits contain the valuable mineral 
and the gangue so intimately mixed that it has been found almost 
impossible to concentrate them by ore dressing methods. Such
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intimate association occurs in high grade ores containing 
over 35$ of manganese as well as in the lower grade deposits.
The manganese ore consumed by the steel industry is first 
converted into the metallic state by reduction with carbon in 
the electric furnace. For this purpose a 45 to 50$ metal con­
tent in the ore is desirable. The major deposits of manganese 
ore in the United States are unsuitable for such reduction be­
cause they do not meet the rigid specifications of ores con­
sidered suitable for making ferromanganese. These specifi­
cations require lumps of ores strong enough to support a 
charge in the furnace and of sufficient size to allow freb 
passage of heating and reducing gases. Metallic and other 
impurities must be within close limits because of the well 
known lack of selectivity of the blast furnace. The manganese 
from the domestic ores, however, can be successfully obtained 
by electrolytic methods. In the last four years, a successful 
electrolytic process has been developed utilizing the domestic 
manganese ores. This process is being used on a commercial 
scale by Electro Manganese Corporation, at Knoxville, Tenn.
This company is producing daily one ton of electrolytic manga­
nese. Numerous leaching processes for manganese ores have 
been devised which are based on the well known solubility of 
manganese dioxide minerals in reducing acids, of manganous ox­
ides and carbonates in sulphuric acid, and of manganous oxides 
in salt solutions.
Manganese dioxide reacts readily in an aqueous sulphur 
dioxide solution to form manganous sulphate, bivalent manganese,
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but manganese dioxide is virtually insoluble in dilute sul­
phuric acid solution.
Manganese carbonate (the mineral rhodochrosite) reacts 
with sulphuric acid to form manganous sulphate but is prac­
tically insoluble in dioxide-water solution.
Manganous oxide reacts readily with sulphuric acid to 
form manganous sulphate, and, like manganese carbonate, it is 
only slowly soluble in sulphur dioxide-water solution*
The conclusion is that bivalent manganese as oxide or 
carbonate will react with sulphuric acid to form the sulphate, 
but quadrivalent manganese, as an oxide, is unstable enough to 
require reduction before reaction with sulphuric acid can be 
expected.
COMPARISON BETWEEN ELECTROLYTIC ZINC AND ELECTROLYTIC 
MANG-ANESB PROCESS - . - - - - - - - -
Prior to 1936 several investigators attempted the electro­
deposition of manganese in the laboratory, but none of them 
carried out a continuous deposition of manganese at a current 
density of less than 100 amperes per square foot. For practical 
operation it is necessary to have a current density of about 25 
amperes per square foot, provided neutral or weakly acid elec­
trolytes are used, because it is difficult to limit the Power 
consumption and the, related operating cell temperatures at a 
higher current density.
In order to facilitate the understanding of the problems 
encountered in the electrolysis of manganese it is best to 
consider the points of analogy with and discrepancies between
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electrolytic manganese and electrolytic zinc. 
POINTS OF ANALOGY OF ELECTROLYTIC ZINC AND
ELECTROLYTIC MANGANESE- . .
Zinc
(1) The ores mined contain 3 
to 12$ zinc* The concen­
trates prepared from these 
ores which mainly consist 
of zinc sulphide contain 
50$ zinc. The concentrates 
do not dissolve in sulphuric 
acid,
(2) Zinc sulphide is converted 
into soluble zinc oxide by 
roasting.
(3) Zinc sulphide-zinc oxide 
reduction is exothermic 
and can be made to support 
its own combustion to ob­
tain a stable product.
(4) The roasted acid-soluble 
material is zinc oxide
(ZnO). ZnG reacts with 
dilute sulphuric acid to 
form the bivalent sulphate 
ZnS0 4 •
Manganese
(1) Domestic manganese de- 
. posits contain up to
35$ manganese. The 
manganese in these ores 
occurs mainly as manga­
nese dioxide which is 
insoluble in sulphuric 
acid.
(2) Manganese dioxide is con­
verted into acid soluble 
manganous oxide by heating 
in a reducing atmosphere. 
Manganese is readily re­duced at 600° in an atmo­
sphere free from oxygen 
and containing hydrogen or 
carbon monoxide.
(3) Manganese dioxide reduction 
to manganous oxide requires 
the addition of heat.
(4) The roasted acid-soluble 
is manganous oxide (MnO)• 
MnO reacts with dilute 
sulphuric acid to form 
the bivalent sulphate 
MnSO/j,.
POINTS OF DISCREPANCIES BETWEEN ELECTROLYTIC 
ZINC AND ELECTROLYTIC MANGANESE _ . _ .
Zinc Manganese
(1) Zinc has one stable state 
of oxidation. A zinc sul­
phate solution is quite . 
stable provided the solu­
tion is acid enough to pre­
vent hydrolysis.
(1) Manganese is oxidizable to 
permangante, a valence of 
?; manganate, a valence of o;.manganese dioxide, a 
valence of 4 ; and a bi­
valent manganous state of 
oxidation.
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(2 ) Zinc is near the base (2 )
. metal end of the electro­
motive series of metals.
It is more readily reduced 
than aluminum and magnesium, 
but less readily reduced than 
cadmium, iron, nickel and 
hydrogen. Zinc, like other 
metals of low melting point, 
has a high hydrogen over­
voltage. It will deposit 
on zinc instead of hydrogen, 
even with a high concentra­
tion of hydrogen ions in 
the solution.
Manganese falls between zinc 
and aluminum in the electro­
motive series and is less 
noble than zinc and has a much 
higher melting point than zinc. 
Hence, manganese has lower 
hydrogen overvoltage. All the 
more noble metals than zinc, 
and zinc itself, must be re­
moved from the solution to 
obtain a reasonably pure manga­
nese deposit. . It is necessary 
to reduce the concentration of 
hydrogen ions in the vicinity 
of the cathode to almost the 
vanishing point to prevent 100$ 
evolution of hydrogen and no 
deposition of manganese because 
of the low hydrogen overvoltage 
for manganese.
For manganese the solution must 
be highly purified and the 
electrolyte brought in contact 
with the cathode in a neutral 
or slightly basic condition. 
Anolyte and catholyte are separ­
ated by a diaphragm.
(3) High-purity zinc sulphate (3)
. solution is allowed to
circulate freely in a cell 
or a series of cells until 
the zinc is largely deposit­
ed and sulphuric acid remains 
in solution. There is no 
diaphragm separating the 
anolyte and the catholyte.
(4) No inert salt is added to (4) An inert salt is needed to 
the zinc electrolyte. prevent the hydrolysis of
manganese in a neutral or 
basic solution. The inert 
salt should be of good con­
ductance to increase the low 
conductivity of dilute manga­
nese sulphate in the catholyte 
compartment.
Equipment for leaching and electrolysis of manganese is 
very similar to that required for a low-acid electrolytic 
plant. Practically the same impurities must be removed to
the same degree from the electrolyte. Simple cloth diaphragms
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are required for electrolytic manganese, which are not required 
for zinc. Assuming equal current densities, the number of cells 
or total cathode area required for electrolytic manganese with 
respect to electrolytic zinc is inversely proportional to the 
respective current efficiencies for the same capacity.
In both cases the raw material contains the metal in 
insoluble form. There is no objection against the use of loY/er 
grade material except that the ore or concentrates containing 
less metal and consequently a higher proportion of gangue would 
cause higher reagent loss and proportionately larger quantities 
of the ore or concentration to be handled. This factor is of 
great importance if the gangue is soluble in acids.
Due to the fact that manganese exists in more than one 
state of reversible oxidation, it is important to maintain con­
ditions in an operating cell so that manganese in only the manga­
nous form is present in the eatholyte region around the cathode. 
If, for example, a mixture of manganous and manganic manganese 
be electrolyzed in an acid solution, the manganous manganese 
would oxidize to manganic manganese at the anode and manganic 
manganese reduced to manganous manganese at the cathode. A 
double condition of oxidation reduction would be set up and 
the manganic manganese would flov/ from the anolyte to the 
catholyte and manganous manganese from the catholyte to the 
anolyte. In such a condition, no electrolytic product would be 
gained and the current efficiency would be zero.
-7-
Ammonium sulphate is added to the electrolyte as an
inert salt to prevent the hydrolysis of manganese in a
neutral or basic solution and to increase the low conductivity
of the dilute manganese sulphate in the catholyte. compartment.
Between 150 to 200 gms./l of (NH4)2S04 is added to the electro­lyte.
ISmCTRQWINN ING- OF FL1CTRQLYTIC 
MflNGAKESB FROM OHS- . . _ . .
The major tonnage of manganese found in the domestic 
ores exist in a quadrivalent stage of oxidation.
As mentioned elsewhere, manganous sulphate solution con­
taining ammonium sulphate can be electrolyzed under suitable 
conditions to deposit metallic manganese, leaving a sulphuric 
aeid-ammonium sulphate solution as spent elecrolyte. 1 .8  
pounds of sulphuric acid is required to leach 1 pound of manga­
nese. The regenerated sulphuric acid in the spent electrolyte 
from the cell is utilized for leaching the manganous oxide.
The manganese ore is crushed and ground by passing through 
roll crushers. The fineness of grinding necessary for efficient 
leaching depends upon the texture of the ore.
The crushed manganese ore is reduced to the manganous state 
by heating it to a temperature of 600° for one hour in a reducing 
atmosphere. A rotating kiln type furnace, with cooling chambers 
attached may be used. The ore is cooled in a reducing atmosphere 
to less than 1G0°C as the hot manganous oxide is unstable and
easily oxidizable.
The manganous oxide thus obtained is now leached and puri­
fied. Ninety-nine percent of the manganese content of the ore
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can be leached by a two stage leaching procedure. The puri­
fication processes will be considered in detail in a later 
chapter. During the process of purification, harmful impuri­
ties, such as copper, iron, arsenic, cobalt and nickel, if 
present in the ore, are removed.
To the purified manganous sulphate solution o.l gm./l of 
S02, and 150 to 200 gms./l of (NH/^SO/,. are added. The elec­
trolyte is ready for electrolysis.
The electrolytic cell consists of wooden lead lined tank. 
Anodes of corroding grade lead are suspended in the cell. These 
anodes are connected by a copper bar.
The cathodes consist of stainless steel sheets with sur­
faces buffed on both sides. The cathodes are connected by a 
common bus bar.
The diaphragms between the anodes and the cathodes are 
supported by a wooden frame. The diaphragms consist of canvas 
and are designed to fit snugly over the frames. On wetting, the 
canvas shrinks and becomes tautly stretched on the cathode frame.
The electrolyte from the catholyte feed storage tank is 
fed to the individual diaphragm frames at a constant rate of 
flow. The solution is fed on both sides of the cathode in the 
catholytic compartment. A small amount of catholyte flows 
through the canvas into the anolyte compartment. The rest 
flows through a discharge hole in the canvas at the top, one
inch above the anolyte level in the cell. During the operation, 
the manganese content of the catholyte feed is 25 gm./l at a
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pH of 7 to 8 . The manganese content of the catholyte within 
the frame is about 10 gms./l at a pH of 9*0 to 9.2. The 
manganese content of the anolyte is from 3 to 6 gms./l and the 
sulphuric acid content 23 to 30 gms./l.
The cell is operated at a cathode current density of 20 
amps./sq,. foot. The voltage of the cell is between 4 and 4*5•
The manganese deposited on the cathode is stripped every 48 
hours. Before,stripping, the cathode is dipped for a few 
seconds in dilute ]%>Cr2®7 solution and then washed in water.
About 20$ of the manganese dioxide deposits as flakes on the 
anodes. The flakes peel and drop from the anodes to accumulate 
gradually in the bottom of the cell. This anodic manganese ox­
ide contains about 1.5$ of Pb as the major impurity. A current • 
efficiency of 50$ is obtained, and the manganese obtained is over 
99$ pure. The chief impurities are 0.2$ S and .01$ iron. The 
Power consumption is 3*44 K.W. Hr./lb. of Mn deposited. The 
cell temperature is from 21° to 23°C. The above described 
process was developed by the Bureau of Mines.
The Electro Manganese Corporation, of Knoxville, Tenn., 
has been using the above process on a commercial scale for the 
last two years.
At the Knoxville plant, electrolytic manganese of lower 
sulphur content is obtained, presumably because the more com­
pletely purified electrolyte yields cathode manganese with 
relatively smoother surfaces and occlusion is largely eliminated. 
Periods of deposition are increased to 60 and even 120 hours.
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The following difficulties have been encountered at the 
Knoxville plant during the operation of the Process:
1. Ore roasted at 600OC has a tendency to 
reoxidize and sometimes catch fire.
2. Magnetic concentration of ores high in 
iron content is difficult.
3. The higher current density and greater 
space between electrodes require greater 
cell voltage resulting in greater cell 
temperature.
4/ The rate of circulation of the electrolyte 
through the cell necessary for obtaining 
the best depositing conditions is so high 
that it greatly increases the amount of 
manganese in the circuit. This high amount 
of manganese in the circuit, is subject to 
anodic oxidation, hence, the proportion of 
anodic manganese oxide to the metal is 
considerable.
FACTORS AFFECTING THE ELECTRGMANGANESE PROCESS AND 
THE.WAYS OF IMPROVING THE EFFICIENCY OF THE PROCESS
Numerous attempts are being made by a number of firms 
interested in the electrolytic manganese in the United States 
as well as abroad to improve the process. These attempts have 
met with considerable success. The actual progress made cannot 
be determined as very little of the work being done is published. 
The only source of information is the patent literature of Great 
Britain, United States and Germany.
As mentioned elsehwere, the manganese ore roasted at 600° 
to 700°C is unstable and liable to catch fire. It has been 
found that the roasting temperature has an important effect on
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the properties of reduced ore. Ore roasted at a temperature 
of about 500°C is a stable reduced oxide and is soluble in 
dilute sulphuric acid.
It has also been found that when a low temperature roast 
is used, the iron contained in the manganese ore remains re­
latively insoluble.
The greatest problem to be solved before the electrolytic 
manganese process can be used efficiently on a really large 
scale is to find some practical method of eliminating the for­
mation of anodic manganese dioxide. ?s/hen sulphate solution 
containing manganous ion is electrolyzed using lead anodes, a 
copious anodic precipitate of manganese dioxide is formed and, 
unless the anode is separated from the cathode by a diaphragm, 
the precipitate prevents the deposition of pure metal. The 
formation of anodic manganese dioxide affects the efficiency of 
the process due to the following reasons:
1. Produces higher cell voltages which in turn 
entail higher power losses and consequent 
heat generation in the cell.
2. A diaphragm separating anolyte and catholyte 
is required.
3. Frequent cleaning of the cell is necessary in 
order to remove the Mn02 precipitate which has left the anode and.settled.
4. The anodic oxidation of manganous ion re­
presents a considerable material and energy 
loss, inasmuch as the manganese dioxide must 
be filtered from the electrolyte and again 
roasted and leached. This effect is the 
most detrimental of all.
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The Bureau of Mines reports this loss of metal as the 
dioxide at the anode as one-fourth of the metal deposited at 
the cathode. In some instances this loss may run to a much 
greater proportion.
The re-solution of this anodic manganese dioxide in H2SO3 
has been suggested by Shelton of the Bureau of Mines. This 
suggestion is not regarded favorably owing to the formation of 
thionate. This MnQ2 contains from 1.5 to 2$ lead, and this 
makes it useless for battery oxide.
The solution of this problem has been attempted by various 
investigators on different lines.
Fink and Kolodney (Fink, C. G. and Kolodney, M., Anodes 
for the Electr©winning of Manganese: Trans. Slectrochem. Soc., 
Vol. 7 6, 1939, P. 401) investigated the effect of various alloy 
anodes on the rate of formation of anodic manganese dioxide.
They investigated a large number of anodes of different compo­
sition.
As a result of their investigations they finally develop­
ed an alloy of lead, tin and cobalt, which operated satisfactor­
ily.
The resistance of lead-tin alloys to anodic corrosion was 
determined by Fink and Eldridge1 in acid eopper sulphate elec­
trolytes. Anodes containing 15$ of tin were found somewhat 
superior to lead anodes in these solutions. Lead-tin anodes 
containing 3 to 10$ of tin are superior to pure lead or an- 
timonial lead alloys for chromium plating. 2 The addition of
(1) Fink and Eldridge,Trans.11ectrochem.Soc.Vol. 40,56 (1921)
(2) Eldridge, U.S. Patt. 1, 975,227 (1934)
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small amounts of cobalt salts to tantalum rectifier electro­
lytes has been reported to increase the corrosion resistance 
of lead electrodes by as much as 100 times.3 The presence of 
small quantities of cobalt compounds in zinc winning electro­
lytes, although an objectionable impurity otherwise, decreases 
the solubility of the lead anodes employed in these electrolytes.
Lead and tin are mutually soluble in the liquid state but 
only partially soluble in the solid, and form a simple eutetic 
at 103°G containing 62$ tin.^ Lead and cobalt are completely 
insoluble in both the liquid and solid states. However, tin 
and cobalt are soluble in the liquid state and form very limit­
ed solid solutions and several compounds. The compound richest 
in tin is CoSK, and a eutectic of tin and CoSn exists at 0.8$ 
cobalt and 222°G.
In order to prepare lead-tin-cobalt alloy, a tin-cobalt 
master alloy was prepared first. The maximum cobalt content 
of the master alloy for easy dispersion in lead was about 8$.5 
The 8$ Co master alloy was prepared by melting under NaCl tin 
and Co in a fireclay crucible at a temperature of about 1000°G. 
The resultant alloy was broken up. The Pb-Sn-Co alloy was next 
prepared from this master alloy by melting lead in an alumina 
crucible over a meeker burner and then the requisite amount of 
tin and the master alloy was added. The mixture was stirred
(3) Engle, Trans. Electrochem., Soc. 54,32? (1928)
(4) Stoekdale, I., Inst., Metals, Vol. 49,267 (1923)(5) Fink, G. G. and.Kolodney, M., Anodes for the electro­
winning of Manganese: Trans. Electrochem. Soc., Vol.
76, 1939, P. 401.
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with a graphite rod. The melting point of GoSn was not attain­
ed and the anode melt actually consisted of a solution of lead 
and tin containing dispersed particles of CoSn. High temper­
atures were avoided in order to prevent the troublesome segre­
gation of the constituents. The anodes were cast in horizontal 
graphite moulds.
Fink and Kolodney found that the addition of tin to lead 
reduced the amount of manganese dioxide very markedly. They 
further discovered that the addition of small amounts of cobalt 
to the lead-tin alloys produced a pronounced effect. The effect 
of the cobalt made itself felt most in the anodes of low tin con­
tent. For example, with 10$ tin in the anode the addition of 
2 .6$ cobalt lowered the manganese loss from 16$ to 14$ at 
15 amp./dm2, whereas in the case of the 50$ tin anode, the ad­
dition of 4 *4$ cobalt reduced the manganese dioxide production 
from 0.5$ to 0.0$ at the same current density. Increase of 
current density was found to have more pronounced effect on 
those anodes which produce large quantities of Mn02 than on the 
anodes of lower manganese dioxide production. The anodes con­
taining the higher proportion of tin and cobalt remained per­
fectly smooth and clean even after many ampere hours of use.
These electrodes of Pb-Sn-Co were found to be insoluble 
in the manganese electrolyte solution. In testing the electro­
lyte after five hours of manganese deposition, the electrolyte 
gave negative tests for both cobalt and tin.
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THEQRBTICAL DISCUSSION 
During the electrolytic process in which a sulphate 
electrolyte and Pb anodes are used, the Pb anodes function as 
insoluble lead peroxide surfaces. However, it has been found 
that a brown deposit of lead peroxide accumulates at the bottom 
of the cell. This shows that the Pb electrodes are soluble to 
a slight extent. The chief impurity in these Mh02 deposits has 
been found to be lead. The anodic oxidation of ammonium sulphate 
solutions produce persulphate. According to Elbs^ the lead dis­
solves at the anode in the form of the persulphate, PbS20g, which 
is later decomposed to the monoxysulphate, PbOSO/^, and finally 
to lead peroxide.7 It has been shown that cobalt sulphate acts 
as a catalyst in the decomposition of lead persulphate and lead 
monoxy sulphate.** This effect is apparently similar to the 
catalytic decomposition of peroxides and hypochlorites in the 
presence of cobalt salts.9 The very marked effect of cobalt 
salts in reducing the solubility of lead anodes has already been 
noted. The presence of cobalt compounds inhibits the dissolu­
tion of lead anodes and the continued formation of lead peroxide. 
The conclusion that the formation of manganese dioxide is as­
sociated with the presence of Pb02 at the anode is supported 
by the following Evidence'*10
(6 ) Elbs. Z., Electrochem., Vol. 3, 70 (1896)(7) ElbS-and Fischer, Z., Electrochem., Vol. 7, 343 (1900); 
Dolezalek and Finch, Z., Anorg.Chem.,Vol.50, 82 (1906);
Vol. 5 1, 320 (1906)(8 ) Rey, Coheur and Herbiet, Trans .Electrochem. Soc., 73, 315 
(1938). See also O.C. Ralston, Hydrometallurgy of Zinc 
(1921)
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(1) Lead peroxide, when added to an acid 
solution of manganous ion, precipitates 
Mn02* The solution in immediate con- 
contact with the anodes is highly acid 
because of the discharge of hydroxyl 
ion.
(2) A freshly formed lead peroxide surface 
on a lead anode turns very dark, almost 
purple, when immersed in a slightly acid 
manganese bath without the application of 
an e.m.f. If the bath is more strongly 
acid, brown MnO2 may be seen streaming 
away from the surfaee.
(3) In neutral or slightly alkaline ammonium 
sulphate solutions, less Pb02 is formed 
at a lead anode than in acid solutions, 
and in neutral or slightly alkaline 
manganese plating baths, less MnQ2 is pro­duced at a lead anode than in acid baths, 
despite the opposite requirement of theory.
(4) Alloy anodes whose electrode potential is 
the same as that of lead anodes do not be­
come coated with lead peroxide in ammonium
sulphate solutions, and do not precipitate 
manganese dioxide in plating baths.
(5) An electrode such as platinum, which does 
not form Pb02, requires a much higher 
potential to deposit manganese dioxide 
than does a lead anode.
In conclusion, it can be said that the loss of manga­
nese as the dioxide at lead electrodes is due to the form­
ation of lead peroxide. Cobalt compounds, and to a lesser
extent tin compounds, are capable of preventing the form­
ation of lead peroxide, and so reduce the manganese dioxide
(9 ) Robertson, J., Am. Chem. Soc., Vol. 46, 2072 (1926); 
Fink, Trans, Electrochem. Soc., Vol. 71, 468 (1937)*
(10) Fink and Kolodney, Trans. Electrochem. Soc., Vol.
- 7 6 , 422 (1939)(11) Mellor,tfA Comprehensive Treatise on Inorganic and 
, Theoretical Chemistry”, Vol. Vll, P..69I (1927)
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loss. When more than 2fo of cobalt is present in the 
anode, the lower oxygen over-voltage may also account for 
the part of this reduction.
This can be explained as follows:^
There are at least two possible reactions at the anode 
in a manganese deposition bath. First is the discharge of 
Hydroxyl ion and the liberation of gaseous oxygen.
2 OH -  2 02 + H2O +■ 2e 
The second reaction is the formation of manganese 
dioxide,
Mn + 2 H2O = MnO 2 + 4H + 2e 
The relative amounts of oxygen and MnC>2 produced will 
depend upon the anode potential at which deposition of each 
is initiated as well as upon the relative slopes of the 
anode polerization curves. This is true only if no second­
ary electrolytic reactions or chemical reactions as such
1
occur locally at the anode. Wow, if the potential for 
oxygen discharge is lower than that required for the liber­
ation of manganese dioxide, then only oxygen will be de­
posited. As the potential rises, as a result of current 
density increase, the voltage required for oxidation of 
manganous ion may be attained, and then the two reactions 
will occur simultaneously. It is apparent that the re­
duction of the potential needed to liberate oxygen will
(12) Fink and Kolodney, Trans.Electrochem.Soc., Vol. 76,
P. 417 (1939)
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result in a lower loss of manganese at the anode. Such 
reduction may most readily be effected by decreasing the 
oxygen overvoltage of the anode. Since the alloy anodes 
display a considerably smaller Mn02 current efficiency, 
their behaviour could be explained in terms of a decrease 
in oxygen overvoltage. However, the explanation based 
upon reduction of oxygen overvoltage does not hold for the 
lead-tin anodes nor for those anodes containing smaller per­
centages of cobalt. It has been found that the potentials 
of the lead-tin anode and of anodes containing small amounts 
of cobalt are nearly the same as or even slightly higher 
than the potential at a lead electrode, and that it requires 
a cobalt content of 2% to lower the anode potential signi­
ficantly.
A method suggested by the Bureau of Mines for the elim­
ination of anodic manganese dioxide is of unusual interest. 
The formation of manganese dioxide in the anolyte chamber 
is a true electrolytic reaction whether it is brought about 
by direct oxidation of manganous sulphate to manganese di­
oxide or by oxidation of a portion of the manganese in 
manganous sulphate to permanganic acid which in turn reacts 
with manganous sulphate to form manganese dioxide as one 
product. The reaction is only accomplished if the manganous 
ion is brought in close contact with an anode surface. In 
an electrolytic cell, the manganous ion makes contact with 
an anode surface only by actual flow of the solution or by 
diffusion of the dissolved ions.
-19-
This diffusion tendency is counterbalanced by the 
electrolytic migration of the metallic or negative 
manganous ion from the anode toward the cathode. Hence, the 
manganese oxidation in the anolyte compartment can be pre­
vented by preventing the solution flow against the anode 
surface•
The anode surface can be protected from eddy currents 
in the cell by covering the anode with a non-conducting 
porous substance which will permit electrolytic conductance 
through capillary pores or holes. An adherent porous coat­
ing of manganese dioxide can be used to cover the anode.
Tests carried out with such coatings by the Bureau of Mines 
showed that the anodic current efficiency in terms of 
manganese dioxide was reduced from 65$ for clean uncoated 
anodes to 40$ t o r  the anodes coated with manganese dioxide.
Another method for eliminating formation of anodic 
manganese dioxide is to cover the anode surface with a 
canvas bag.' This method effectively eliminates the formation 
of anodic manganese dioxide in the cell in test periods of 
48 hours. These cloth-covered anodes were first used by 
L a s z e z y n s k i , - ^  who developed the "shrouded” anode to prevent 
anodic oxidation of ferrous and manganous sulphates which 
existed as impurities in the electrolytes of copper and zinc.
In practice, it has been found that the high acid and 
oxidizing conditions in the region of the anode surface is
(13) Laszezynski, S., Process of llectrolytically Extract- 
. ing Copper and Zinc from Gres, U.S* Patent 757,617,
April 19, 1904*
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sufficiently corrosive to attack cotton and the bags are 
weakened in about 100 hours of electrolysis.
The most suitable fabric has been found to be the 
cloth made of f,Vinyonw fiber. Yinyon is an unplasticized 
synthetic resin, the copolymer of vinyl chloride and vinyl 
acetate, and is resistant to mineral acids and salt solu­
tions.
This "Vinyon” cloth can also be used in piaee of 
canvas as a cathode diaphragm material.
From the preceding two examples of the methods for 
preventing the formation of manganese dioxide at the anode 
we see that every attempt is made to prevent the manganous 
sulphate solution from coming in contact with the anode. 
Now if an arrangement can be made by which the presence of 
manganous sulphate in the anolyte can be completely elim­
inated, there will be no deposition of manganese oxide at 
the anode. This can be easily done by arranging for two 
separate circulating systems, one for the anolyte and the 
other for the catholyte. The used up catholyte can be re­
plenished by addition of crystallized manganous sulphate^ 
the pH of the anolyte can be kept at a pH of 2 or 3 by 
addition of a calculated amount of water to the anode com­
partment of the electrolytic cell. The anolyte which is 
withdrawn can be used for leaching the manganous oxide.
The manganous sulphate solution so formed can be filtered 
and crystallized by evaporation under reduced pressure.
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The manganous sulphate crystals can be separated from the 
. mother liquor and added to the spent catholyte to restore 
it to the desired manganese concentration.
In this process, it must be noted, that no purifi­
cation of the leached manganous sulphate solution is neces­
sary, as all the impurities of the leach solution remains 
in the mother liquor during the crystallization, of the 
manganous sulphate. The following are the advantages of 
this process:
1. No anodic manganese dioxide is formed.
2 . pH of the anolyte can be controlled in­
dependent of the rate of circulation of 
the catholyte.
3 . The rate of circulation of the catholyte 
can be adjusted as desired, to obtain the 
highest efficiency.
4. Numerous steps which are neeessary for 
the purification of the leach solution 
can be eliminated by crystallizing the 
manganous sulphate leach solution.
The only disadvantage of this process is the expense 
for the evaporation of the leach solution for crystal­
lizing the manganous sulphate leach solution.
Recently, a method has been developed for electro- 
depositing manganese without the use of a diaphragm. -̂4 
It has been found that manganese free from all the impur­
ities can be deposited electrolytically without the use of 
any additional agents like (NHz^SG/j. or S0 2 , if the electro­
lyte contains a substantial proportion of water soluble
(14) British Patent 529*398, Nov. 20, 1940*
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hydroxyamines; such as alcohol amine compounds having the 
property of forming a complex ion with the manganese. In 
order to obtain the best result, there should be no sub­
stantial concentration of manganese ion in the solution. 
Hence, manganese ion must be converted to a complex ion by 
the addition of a sufficient quantity of water soluble 
hydroxyamine to combine with it. For example, an electro­
lyte can be formed of 200 gms. of diethanolamine, 60 gms. 
H2S0/J., 50 gms. of manganese as sulphate and 1 litre of v/ater. 
Such a solution has a pH of 1 . 9 .  All the manganese in such 
a solution exists in form of a complex ion with diethano­
lamine, i. e. there are no free manganese ions present if 
there is an excess of diethanolamine. The electrolysis of 
this solution is carried out in a non-diaphragm cell 
through which the electrolyte is made to flow. The cathode 
consists of a stainless steel and the anode is of lead.
The rate of flow of the electrolyte is adjusted so that 
the pH value drops from 7*9 to 3*5 during its passage through 
the cell. The bright dense deposit of manganese is obtained 
at the cathode and there is no deposit of manganese oxide 
formed at the anode.
EFFECT QF MANGANOUS SULPHATE CQNCEN- 
TRATION OF ELECTR0DEPQSITI0N Of Mn
Fink and Kolodney investigated the effect of manganous 
sulphate concentration.^5 They found that there was very
(15) Coling C. Fink and M. Kolodney, Trans, llec. Chem.
Soc., Vol. 71, P. 287-311.
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slight improvement in the current efficiency with the in­
crease in concentration of M11SO4 in the electrolyte. An 
eight-fold increase in manganous sulphate concentration 
produced an efficiency increase of only 3*6$. Dilution of 
the electrolyte appeared to exert no detrimental effect 
upon the quality of the deposit pxcept for the most dilute 
solution. There was no apparent increase in treeing with 
the reduction in concentration of MnS04 in the bath.
EFFECT OF pH
The separation of anolyte and catholyte by means of a 
diaphragm produces a continuous rise in the pH of the 
cathode compartment as electrolysis proceeds. Fink and 
Kolodney investigated the effect of hydrogen ion concen­
tration of the catholyte upon the efficiency of manganese 
deposition. It was found that a manganous sulphate plating 
bath containing ammonium sulphate is well buffered if its 
initial pH is of the order of 2 - 5.
A simple solution of manganous and ammonium sulphates 
has a pH of approximately 4 as prepared. Electrolysis of 
such a solution, using insoluble anodes, causes an im­
mediate increase of pH to about 7* Although the presence 
of ammonium ion adequately prevents the precipitation of 
Mn(GH)2> an ammoniacal solution of manganous sulphate is 
readily oxidized by air, and a brown precipitate of a 
hydrated trivalent manganese appears. It was found that, 
after such precipitation had occurred, the properties of
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the bath were radically altered and in many cases, the bath 
gave no satisfactory plate any more.
Since very acid electrolytes require abnormally high 
current densities and fail to yield good deposits, operation 
of the bath within the range of pH 4 to 6 seemed desirable. 
Unfortunately, within this range the bath is markedly unstable. 
From the experiments carried out by Fink and Kolodney it seems 
that the current efficiency does not change considerably be­
tween pH range of 2 to 8 . It was found that strongly acid so­
lutions yielded grey deposit at relatively high current densities.
Shelton and Royer state as the conclusion drawn from their 
experiments that an increase in acid in the anolyte above an 
equivalent of 40 g/l of manganese has very little effect in de­
creasing the voltage for a given current density for both 100 
and 200 g/l of ammonium sulphate, and the effect is of decreas­
ing importance above an acid equivalent of 40 g/l of manganese 
for an ammonium sulphate concentration of 150 g/l. In short, 
the effect of change in ammonium sulphate becomes less important 
with high ammonium sulphate and manganese sulphate concentrations, 
and v/ith lower current densities. If the ammonium sulphate con­
centration is 125 g/l or greater, and the current density is less 
than 30 amp./sq. ft. (3*2 amps./dm2 ) there is little to be gained 
or lost with change in ammonium sulphate concentration, assuming 
a corresponding replacement change is made in the anolyte acid 
concentration equivalent to the manganese concentration of the 
cell feed solution. Furthermore, if an ammonium sulphate
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concentration of less than -1-00 g/l is used, it is probable 
that an increase in power consumption will be encountered.
The above conclusion should be expected on consideration of the 
path of current between the electrodes. The part of the path 
through the catholyte, representing approximately one-half of 
the total distance, is a basic solution containing only 2 7 .5  
g/l of manganese sulphate. If the concentration of ammonium 
sulphate in the solution were low, the solution would have an 
extremely low conductance, and the over-all cell resistance 
would be proportionately high.
Several independent investigators have determined the 
optimum conditions for the MnSO^ bath. According to Zaretski 
the optimum conditions are as follows:
preseht in MnSO^ in amounts up to 2 0, 10 and 40 g/l respective­
ly. Fe in amounts up to 0.04 g/l reduces the yield consider­
ably and for 0.1 - 0.3 g/l the yield drops to 4-5# Ni (0.03 g/l) 
reduces the yield by 10$ and for 0 .0 5 g/l there is no deposition 
of manganese. Hence, of the impurities present in pyrolusite 
all except the alkali and alkali earth metals should he removed.
OPTIMUM CONDITIONS FOB FREPARTION 
OF ELECTROLYTIC MANGANESE FROM. 






3 to 8 
200 - 500 amp ./sq.meter
below 35°
According to Zaretskil^ impurities of Na, K and Mg may be
(16) S.Z.Zaretski, Yosudarfet Inst., Prikladnoi Khim, 
Sbornzik Statei, 1919-39> 183-91 (1939)
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Zhivotinski and his associates recommend the following 
conditions for the preparation of electrolytic manganese.
1. MnCl2 BATH
MnCl2 4H20— ---------------------- 350 g/l
NH4CI—  --------------------------- 100 g/lHCI------------------------------- 0.03 mol/1pH-------------------------------- 1.2 to 1.3Temp.----------------------------- 10° to 25°
Current density--------------100 amp./sq. m.
Cathode--------------------- Fe, Cu, or A1
Anode--------------------- Graphite or platinum
Diaphragm----------------- Alundun or asbestos
2. MnSO/, BATH
MnSO 4--------- — — ---- ------------80 g/l
(HHjLTaSO-i.-------------------- -----150 g/lSO2 — ■ -------------------  0.02 -  0.4 g/lp H ™ — ----------------------------4 - 7
Temp.--------------------------- 20° to 30°Current density------  200 - 750 amp./sq. m.
Cathode---------------------------Iron
Anode----------- -----------------lead
Diaphragm----------------------- linen or ceramic
Cells-----   wooden
The current yields of Mn were claimed to be 80 and 60$
respectively. Out of all metals present in the manganese ore,
only Na, K, Ca and Mg do not affect the electrolytic deposition
of manganese on the cathode. Fe, Al, Ni, Cu, P and As should
be separated from the manganese salts before the eleetrodepo-
sition of manganese.
Yahkelevieh investigated the electrolysis of MnSO4 +
( ^ 4 )2^04 solutions with the addition of glycerol, gum arabic,
dextri^ CH2O, gelatin, glue and NH4 acetate, oxalate and
c i t r a t e . T h e y  found the following optimum conditions for
(17) P.B. Zhivotinski, S.A. Zaretski, I.A. Bogdanova and R.L.
. Livshits, i. Applied Chem. (U.S.S.B.) 12, 200-8 (in French,
208) 1939. ~(18) Z. A. Yankelevich, Dop.Akad, Nauk. Ukr. R.S.R. 1939,
No. 1, 11-21; Chimie et Industrie 43, 570.
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obtaining thick coats of manganese:
Current density-----------4 -6 amps./sq.dm.
MnSO a ISO - 250 g/l
(NH4T2SO4 --------- -— 125 - 1 5 0  g/ipH-----------  5 - 6
NH4 citrate----------------0 . 1 g/l
Ayladze^-9 claims that the addition of 10 g/l of NH3
to MZ1SO4 solution increased the purity and the physical prop­
erties of the Mn deposit, helped to maintain a constant pH and 
retarded the formation of Mn (GH)2,.on the cathode. The deposit­
ed manganese contained up to 99*98$ Mn. He gives the following 
optimum conditions:
Mn in sulphate electrolyte --------25 gms./lTemp.------------------------- 10-30°C.
Current density------------- 7*5 - 25 amps./sq.dm.pH-— ------------------------ 2-8
DIPPING THE PLATED Mn IN DICHRQMATE SOLUTION 
The virgin manganese deposit is very susceptible to 
oxidation. Exposure of the freshly deposited metal to the air 
immediately gives rise to a dark surface film of oxide. The 
plate can be stabilized by dipping it for a few seconds into 
5$ dichromate solution directly after withdrawal from the bath. 
This stabilization is due to the fact that a rapid preliminary 
oxidation of manganese plate produces an impervious film of 
oxide which is capable of preventing any further deep-seated 
oxidation. Since the film is invisible and no interference 
colors are produced, it may be assumed that its thickness is of 
molecular dimensions.
(19) R. I. Ayladze Metallurg. 14, No. 9, 15-33 (1939)
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Manganese can be plated to a considerable thickness; it 
is hard, white and lustrous, and will remain so indefinitely 
after being rendered passive in a dilute dichromate solution. 
Manganese may be codeposited with either iron or zinc.
IRQEERTIES OF ELECTRODEPOSITED MANGANESE
Manganese plate tarnishes very rapidly upon exposure to 
moist air. This tendency may be inhibited by a preliminary 
rapid oxidation. In this respect manganese resembles the 
elements in the first "transition series” of the periodic table, 
in which the electrons in the third quantum state are being in­
creased from 8 to 18. This series includes titanium, vanadium, 
chromium, manganese, iron cobalt and nickel. All of these 
metals, with the possible exception of titanium, may be render­
ed "passive” by treatment with oxidizing agents. Chromium dis­
plays this property to a marked degree, and iron to a lesser ex­
tent.
Despite its impervious oxide coating, electrodeposited 
manganese dissolves in dilute hydrochloric and sulphuric acids 
with an almost explosive violence, liberating hydrogen.
Manganese forms an insoluble phosphate. When dipped for 
one hour in a boiling solution of t&isodium phosphate, it is 
not visibly attacked. When suspended in a hot, dilute solution 
of phosphoric acid, hydrogen is evolved at the outset, but the 
evolution of gas is soon diminished and the plate is found to be 
covered with an adherent pink coating. When manganese plates
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are anodically treated in a jfo  aqueous solution of chromic 
acid, manganese dissolves and a dark coating of brownish - 
black color is formed on the surface. No current decrease 
is observed. Similar treatment in a dilute solution of 
phosphoric acid results in continuous solution of the deposit. 
In dilute sodium hydroxide solutions, manganese metal anodes 
dissolve to form permanganate ion. Electrodeposited manganese 
is hard and resistant to scratching and abrasion.
library
COLORADO SCHOOL OF KINDS 
GOLHEN, COLORADO
ELECTROLYTIC MANGANESE - PART No. 2
Prior to the development of the present process for the 
electrolytic production of manganese on a commercial scale by 
the Bureau of Mines, numerous attempts were made for obtaining 
manganese of high purity. The manganese obtained by the alumin- 
othermic method was not pure and contained not only small amounts 
of silicon, iron aluminum, etc., but a considerable amount of 
AI2O3 . Aluminothermic manganese could not be cold drawn main­
ly due to the presence in the grain boundaries of AI2O3 .
The only method for obtaining pure manganese in those 
days was distillation in vacuo. The distillation was carried 
out from one magnesia pot to another in an evacuated silica 
tube, and the magnesia pot containing the aluminothermic manga­
nese was heated in an induction furnace. In order to keep the 
impurities in the distillate to a minimum value, only about 
one-third of a given charge of the aluminothermic manganese 
could be distilled. This process was difficult, tedious and 
expensive and was not practical on a commercial scale. Thus, 
the difficulty of making large quantities of the pure manganese 
had limited the investigations of commercially important 
properties of alloys.
Attempts were made to prepare pure manganese by eletro- 
lytic method. Electrolysis of molten manganese salts were 
tried but the results were not encouraging.
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A number of investigators turned their attention towards 
the electrolysis of aqueous solutions of manganese salts.
Bunsen, in 1854, obtained metallic manganese by electrolyzing 
an aqueous solution of manganese chloride. Since then numerous 
other investigators were more or less successful in obtaining 
electrolytic manganese from aqueous solutions.
However, none of these investigators obtained satisfactory 
deposits. The experiments were carried out on laboratory scales, 
and the complete details of their experiments were not published.
Allmand and Campbell were the first investigators to des­
cribe in detail a satisfactory method of preparing the electro­
lytic manganese. (Allmand, A. J., and Campbell, A. N., The 
Electrodeposition of Manganese, Trans. Faraday Soc., Yol. 19, 
1923, P. 359 and Yol. 20, 1 9 2 4, P. 379).
The first patent for the preparation of electrolytic 
manganese was taken out in Germany. It was German patent 
391,594, issued on March 8, 1924* The process in the patent 
was developed by Grube and one of the claims of the patent con­
sisted of, "A process for the production of metallic manganese 
salts characterized by the electrolysis being carried out in 
the presence of ammonium salts". The process was described 
by the following example:
"From a solution containing 3 to 3 .5 mole MnCl2, 1 to 2 
moles HH4CI, and 0.05 to 0.15 mole H01 per litre there was 
obtained at room temperature compact and oxide free metallic 
manganese. The addition of acid is not necessary. There may
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be obtained, e.g., from a manganese acetate solution to 
which ammonium acetate has been added, an oxide free metal- 
lie manganese.w
As a result of investigations carried out with alloys 
of electrolytic manganese it was found that electrolytic 
manganese was most useful with high electrolytic manganese 
alloys. Mn-Cu alloys were found to have unusually high vibra­
tion damping capacity and the ternary alloys Ni-Cu-Mn (70$) 
were found to have unusually high coefficients of expansion 
for a metal with a relatively high modulus and yield points. 
Other alloys of manganese with, Zn, ]?e, Cr, etc., were found 
to have very useful properties.
With the discovery of these alloys, serious attempts were 
made to develop a process for the preparation of electrolytic 
manganese oh a commercial scale. In the United States, the 
Bureau of Mines began, in 1934 > an intensive investigation for 
developing a suitable commercial process. As the result of 
these investigations, Koster and Shelton of the Bureau of Mines, 
finally developed and patented a process for electrolytic pro­
duction of manganese. The patent is in the name of Stephen M. 
Shelton (to the Government of the United States as represented 
by the Secretary of the Interior). The patent number is U.S. 
2,119,560, dated June 7, 1933.
The electrolyte for the above process of the Bureau of
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■ Mines consists of manganous and ammonium salts recommended 
by Allmand and Campbell. The main contribution of this pro­
cess is the use of a diaphragm cell and the introduction of a 
sulphite ion in the catholyte supplied by SO 2 or (NH/^SO^.
However, on careful investigation of the patent liter­
ature on the electrolytic manganese, it is found that on March 
22, 1933, a French Patent No. S26,100,was granted to the 
Metallic Manganese Co. Ltd. This was three months before the 
patent granted to the Bureau of Mines in the United States.
The following is an abstract of the French Patent:
"Manganese is produced by electrolyzing a manganese salt 
solution containing a salt of NH4 or of an amine in such a 
proportion that at least 1 molecule of NH3 or amine is present 
per atom of manganese. Addition of a small proportion of a 
sulphite to the electrolyte is advantageous. The process may 
be effected at 10°-50° and a cathodic c. d. of at least 0.5, 
preferably 1.6 or more amps, per sq. dm. Preferably the H-ion 
conc. of the electrolyte near the cathode is kept below that 
of the electrolyte near the anode, and methods of effecting 
this are indicated."
The process of the. Bureau of Mines has been described 
in Part 1 of the Thesis.
The electromanganese process developed so far is far 
from satisfactory. Many improvements must be made in the 
process before electrolytic manganese can be produced at a
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price comparable to that of standard ferromanganese.
The problems to be solved can be divided into the 
following groups:
(1) The design and operation of the most 
. economical furnace for reducing
manganese dioxide.
(2 ) Methods of purification of electrolytes 
leached from ores obtained from different 
localities.
(3) Effect of trace of elements in the electro­
lyte on the electrolysis.
(4) Determination of ammonia loss in leach 
tailings and in the cell room and develop­
ing the methods for recovery of ammonia 
from the leached tailings.
(5) Development, if possible, of a process 
- which does not require the use of dia­
phragms •
(6 ) If diaphragms and diaphragm frames cannot 
. be avoided, then to find out the best
material and the best frame design for 
the purpose.
(7) 'A current efficiency of 50 to 60$ is obtain- 
■ . ed in the present process. It is hard to be­
lieve that this is the highest efficiency 
attainable. Hence, investigations should be 
carried out to improve the current efficiency 
of the process.
(8 ) To find some suitable and practical method 
for the elimination of the formation of 
anodic manganese dioxide.
(9) In the Bureau of Mines process, SO2 is added 
to the manganous solution for preserving its 
pH at 7 to 8 during the electrolysis. It has 
been found that the addition of SO2 deposits 
electrolytic manganese containing up to 0 .2$ 
sulphur. This sulphur is harmful in the
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preparation of manganese alloys.
Moreover, SO2 accumulates in the circuit as thionate. Due to these 
reasons, the use of SO2 for prevent­
ing the oxidation of manganese to 
the trivalent state in the tanks or 
during electrolysis is undersirable 
and hence some agent other than SO2 should be found.
After a careful consideration of the above nine points, 
it was decided that as a first step towards the investigation 
of the preparation of electrolytic manganese, the work of the 
Bureau of Mines should be duplicated. The investigations were 
carried out in the hydrometallurgical laboratory of the Colorado 
School of Mines, under the direct supervision of Dr. Aitkenhead, 
All the available facilities of the hydrometallurgical labor­
atory and the experimental plant were utilized as far as possible, 
and every possible attempts wees made towards improvisation of 
the existing facilities for carrying out the investigations.
The electrical energy for the electrolysis was available 
from an electric motor driven dynamo of 1000 amps, capacity at 
a maximum of 14 volts. Earthenware jars of 50 liters capacity 
were available for leaching the manganese.
An electric furnace with electric motor driven rotating 
vanes for stirring the ore during roasting under a reducing 
atmosphere gave excellent results. The laboratory gas was 
used as the reducing atmosphere in the furnace. The gas es­
caping from the furnace was lighted at the point of escape 
and allowed to burn during the operation of the furnace.
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The oil-fired furnaces of the assay laboratory of the 
School of Mines were used for preparation of alloys for the 
electrodes requiring temperatures as high as IOOOOC. Com­
pressed air and vacuum were available at the desks, A com­
pressed air-gas blow lamp available in the laboratory was 
found very useful.
A 2-1/2* length of a 6* x 6” x 9M size lead lined wooden 
tank available in the laboratory was partitioned off, and con­
verted into an electrolytic cell capable of holding 7 anodes 
and 6 cathodes surrounded by canvas diaphragms. The drawing 
of the arrangement is shown on the next page.
CATHODES
The cathode consisted of 16 gauge stainless steel plates 
4W broad and 8ft long. To one end of each of the plates a 
copper strip was riveted as shorn in the drawing. These copper 
strips were made in such a way that they can be connected to 
the negative terminal of the generator by means of a stripped 
copper bar as shown in the figure.
DIAPHRAGMS
The design of the diaphragm frame is shown in the figure. 
The diaphragms were made from old bags used for packing 
litharge. They turned out to be excellent material for making 
the diaphragms. These bags were 9” broad and hence a width of 
6" was cut and sewn to fit the wooden diaphragm frame holding 
the stainless steel cathode. The details of construction of 
the diaphragm and the diaphragm frame is shown in the drawing.
Mli.Jlnl'tiH'.lluMTTii ■ .fi riir»"'i I mJ '/1
I jiiiii'iiiiI fFr!M MlM'l!:!!!
raMiMiliiiig
1 1 ; i ; 1111111 }l ■ >ii> 11 1 ) 111 M i n  1 t l i i
1 !J 11?.1 '.i -j1 1 ■ »1Mi[)!|II!I
'liiiiiiisiiiiil:! (!!!!«! !i! »!
TMJytATE P 
T V *** *
ztiLoy A n o b g
5T̂j/vi.tS5 srê L 
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ANQDBS
It was decided to use anodes developed by Fink and 
Kolodney. These anodes were made of an alloy of 1$ cobalt 
and 99$ tin and lead in the ratio of 1:1. It was found 
impossible to buy tin at any price from any source and so 
attempts were made to collect tin from all available sources 
on the school campus. After considerable inquiries and search, 
about 7 pounds of tin was located in form of pipes in the attic 
of one of the buildings on the campus. This tin was melted 
and tin shots were prepared.
As stated in the first part of the thesis, cobalt and 
lead do not form a solid solution. However, cobalt forms an 
alloy with tin, containing as much as 8$ cobalt.
Hence, a master alloy of 8$ cobalt and 92$ tin was pre­
pared by adding cobalt to molten steel at a temperature of 
about 1000°C. The tin was melted under NaCI in a fireclay 
crucible heated to a temperature of 1000°C. At this temper­
ature the weighed amount of cobalt was added and the molten 
alloy was thoroughly stirred from time to time. When the 
cobalt was thoroughly dissolved in the tin, the crucible was 
taken out of the furnace, and the molten alloy was poured drop 
by drop in a bucket of water. The "shots” thus prepared were 
dried and stored in a bottle. Next, the weighed amount of lead 
was melted in a fireclay crucible over a Meeker Burner and 
calculated amounts of tin and 8$ Co-Sn master alloy was added.
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The temperature of the melt was kept in the neighborhood of 
300°C and the melt was constantly stirred so as to obtain a 
uniform dispersion of cobalt in the alloy. This molten alloy 
was poured in a vertical mould which was heated to a temper­
ature of 100°C. The mould was then quenched in water and the 
electrode thus formed was removed. The unevenness of the 
electrode was removed by means of a file. Seven such elec­
trodes were prepared. On the top of each electrode a copper 
strip was rivetted just as in the case of the stainless steel 
cathode.
Fifty litre capacity earthenware jars were used as 
storage for anolyte and catholyte in the circulating system.
A small diaphragm pump was used for circulating the anolyte.
The feed from the catholyte tank was carried through a lead 
pipe which is shown on the next page. The six outlets of this 
pipe were connected with Y tubes. To each end of these Y tubes 
a glass tube was attached. These glass tubes were inserted on 
each side of the cathode in the diaphragm frame. The lower 
ends of these tubes were contracted by heating over a Bunsen 
Burner so as to leave very small openings. This was done so 
that the catholyte flowing through the tubes might flow out 
very slowly and keep the tubes always full of catholyte. A 
normal calomel hydroquinon electrode was used for pH determin­
ation.
PREPARATION OF ELECTROLYTE
The first step for the preparation of the manganous 
sulphate electrolyte is to con&efct the manganese dioxide to
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manganous oxide by means of a reducing roast.
The commercial manganese dioxide was placed in the 
electric furnace and heated to 600°G. A stream of coal gas 
was made to circulate through the furnace, to provide a-rad­
ducing atmosphere in the furnace. The electric motor turning 
the mixing vane in the furnace was started. The coal gas es­
caping from the top of the furnace was ignited at the top of 
the furnace and allowed to burn throughout the roasting oper­
ation. After a period of one hour, the current was turned off 
and the manganous oxide was allowed to cool below 100°C. Through­
out this cooling operation, the reducing atmosphere was maintain­
ed in the furnace. After cooling the manganous oxide below 
100°C, it was raked out of the furnace.
The reduced ore was agitated vigorously in a 50 litre 
capacity earthenware jar with liquor containing per litre about 
50 grams of sulphuric acid (95$$ and 200 grams of ammonium sul­
phate. About 50 grams per litre of the reduced ore was used.
A total of 40 liters of the leach solution was prepared. The 
agitation was carried out by means of a wooden stirrer. After 
agitating for 3 hours, the solution was allowed to settle down 
over night. Next day, the clear supernetant liquid was filter­
ed out into another jar. The pH of the filtrate was 6.5*
The next step is the purification of the electrolyte. As 
the only filtering arrangement available in the laboratory con­
sisted of 9” diameter Buchner funnels, it was decided to use 
a method of purification in which as little possible of filter­
ing is involved. About a pound of electrolytic manganese was
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available in the laboratory, and hence, it was decided 
to use it for purification^Leach solution.
The electrolytic manganese was ground to about 100 
mesh size. The leach solution was brought to a pH of 
7 .5 and the electrolytic manganese was added 1 gram at 
a time, with constant agiation of the solution. A total 
of 200 grams of manganese was added. All the metals more 
noble than manganese were precipitated in the metallic 
state from the solution. In order to prevent the re­
solution of these precipitated metals, it was desirable 
to filter the solution as quickly as possible. This was 
not found to be possible with the filtering equipment in 
the laboratory. The precipitated metals remained sus­
pended in the solution due to bubbles of gases sticking 
to them, and when attempts were made to filter the solu­
tion through the Buchner: funnels, the pores of the filter 
paper were rapidly chocked up by the fine precipitated 
metal particles, and within a few minutes, the filtration 
ceased completely. This was an unforeseen difficulty.
In order to overcome this difficulty as far as possible, 
it was decided to filter through a piece of cloth. This 
method did not prove to be satisfactory, as it was not 
found possible to prevent the finer particles of the pre­
cipitated metals from passing through the cloth. Repeat­
ed filtration was resorted to and only after filtering 
the solution for about 6 times through a double layer of
- 12-
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a piece of cotton cloth, a filtrate free from suspended particles 
was obtained. During the filtration of the solution through the 
cloth, small pieces of electrolytic manganese were placed on the 
cloth in order to prevent the resolution of the precipitated 
metals during the filtration.
This purified manganese sulphate solution was transferred 
to the catholyte storage tank and o.l gram per litre of S02 was 
added, and the pH of the catholyte was adjusted to 7*5*
The next step is the electrolysis of the purified solu­
tion containing 25 -gms./l of manganous sulphate, 200 gms./l 
and 0.1 g/l SC>2 having a pH of 7*5• The electro­
lytic tank was filled with water and the anodes and the dia­
phragms containing the cathode were put in place. The anodes 
and the cathodes were kept 2W apart. Next, the catholyte was 
allowed to flow through the cathode compartment of the diaphragm 
and when the cathode compartments were full, the dynamo was 
started and a current of 25 amps./sq.ft. of cathode surface was 
allowed to flow through the cell. The catholyte after flowing 
through the cathode compartment was allowed to overflow into 
the anolyte. A part of the anolyte overflowing through the 
hole in the top of the cell was pumped into the anolyte tank 
to dissolve and purify some more manganous oxide. Unfortunate­
ly, the ball valve of the diaphragm pump was worn out and was 
not functioning properly. Due to this reason, the circulating 
system did not function properly and there was considerable 
trouble in maintaining the pH value of the anolyte to a suitable
-13-
value and prevent the anolyte from flooding the diaphragm.
The voltage of the cell was about 4*5• The pH of the 
anolyte was maintained at about 3 *5 .
After carrying out the electrolysis for 4 hours, the 
stainless steel cathodes were removed from the cell and dipped 
in a dilute potassium dishromate solution for a few seconds 
and then washed in water and dried. The manganese deposited 
on the stainless steel had a dull luster but was metallic in 
appearance. The deposit was not firmly adhered to the cathode, 
and there were small pinholes all over the deposit. There was 
considerable treeing on the edges of the cathode.
From the appearance of the deposit, it was evident that 
the catholyte was not purified to the desirable extent. From 
the experience in the electrolytic extraction of zinc we know 
that even traces of certain elements, like nickel, cobalt, 
germanium, etc., completely stop the electrolytic deposition of 
zinc. It was evident that due to the slow filtration of the 
solution through the cloth, the last traces of impurities could 
not be removed from the electrolyte.
After careful consideration, it was decided to investi­
gate the problem of the purification of the manganese sulphate 
leach solution on a laboratory scale.
As a first step towards the investigation of the problem, 
a thorough study of the existing literature on the purification 
of manganese was carried out. Some of the processes for
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purification of zinc electrolyte were also studied. A number 
of suggestions made by Dr. Aitkenhead were carefully studied, 
and some of the possible methods were selected for investigation.
The normal impurities in manganese ore vary largely in 
amount with the source of the ore. These impurities are liable 
to accumulate in any cyclic process and practically all of them 
interfere with or prevent the deposition of manganese or lead 
to resolution of deposited manganese. Hence, it is necessary 
to strictly adhere to certain limits of impurities in order to 
obtain a regular deposit of manganese for over 60 hours when 
using a pH of aboye 7*5.
The usual impurities to be removed are iron, arsenic, 
cobalt and nickel.
The best, easiest and cheapest way for the removal of 
iron and arsenic is by oxidation in alkaline solution. In 
order to prevent the precipitation of manganous sulphate as 
hydroxide, a catholyte containing jfo manganese as sulphate 
and over 150 gms./l of ammonium sulphate is used. After re­
moval of the iron and arsenic, the cobalt and nickel are remov­
ed by means of Xanthates as in the case of zinc solution. The 
excess Xanthate can then be removed by the addition of a copper 
salt, the excess of which is subsequently removed by means of 
barium sulphide.
This method of removal of the excess Xanthate has the 
advantage that it does not alter the pH as would be the case 
if the usual method of removal of excess Xanthate by: ̂ acidifying
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the solution were to be used. If the pH of the solution were 
to be altered it would be necessary to add NH3 to the solution 
to correct vthe pH.
As said before, the first step in the purification is 
the removal of the iron and arsenic by agitation with hydro­
gen pero±ide or hydrated manganic oxides. At a pH of about 
7*5 to 7 *& the ferrous iron is precipitated when agitated with 
hydrated manganic oxides and the arsenic is carried down with 
the hydrated ferric oxide. If the ores themselves do not con­
tain sufficient iron to carry down the arsenic, ferrous salt 
must be added.
The second step of freeing the catholyte from the metals 
which are precipitated by barium sulphide is accomplished by 
the addition of the barium sulphide to the catholyte which has 
been filtered to remove the arsenic and iron. Any zinc and cop­
per in the catholyte will be eliminated before any manganese 
sulphide is formed. The barium will be precipitated as sulphate.
The third step of the removal of cobalt and nickel is ac­
complished by means of Xanthates. The excess of sulphur as 
Xanthates is removed from the catholyte by the addition of a 
copper salt followed by the precipitation of excess copper by 
means of barium sulphide. It is desirable that this should be 
done, since otherwise the sulphide content of the metallic 
manganese will be increased.
The above procedure was tested on a eommerical manganese 
dioxide in the laboratory.
The finely powdered manganese dioxide ore was heated in
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a reducing atmosphere and the resultant impure manganous ox­
ide cooled to below 10G°C, before exposure to air. The re­
duced ore was agitated vigorously with liquor containing per 
litre about 50 grams of sulphuric acid ( 9 5 %) and 200 grams of 
ammonium sulphate, about 50 grams per litre of manganous oxide 
being used. Twenty liters of leach solution was prepared. The 
leaching was carried out in a number of 3 litre glass jars.
The agitation was carried out by means of small metallic stir­
rers operated by compressed air. The agitation was carried out 
for 3 hours and the solution was then filtered. The pH of the 
filtrate was 6 .0 .
To the filtrate, ammonium hydroxide was added until the 
pH of the filtrate was 7*5• To this solution 1 gm./l each of 
nickel, cobalt, zinc and molybdenum in form of water soluble 
salts were added. The solution was then agitated and aerated 
with an excess of hydrated manganic oxides. The air was bubbled 
through the solution for 3 hours. The air oxidized the ferrous 
iron into ferric state, which in turn precipitated as ferric 
hydroxide. The arsenic in the solution came down with the 
ferric hydroxide, probably by absorption. The solution was 
then filtered and on testing was found to be completely free 
from iron and arsenic.
To the filtrate 0.5 gms./l of barium sulphide was added 
to remove zinc and molybdenum. Zinc and molybdenum were
precipitated as sulphides.
The barium was precipitated as sulphate since an excess 
of ammonium sulphate was present.
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The precipitated sulphides and barium sulphate were 
filtered out and an excess of solium Xanthate was added.
The solution was allowed to stand until the filtrate gave a 
solution which remained clear (without any cloudiness) after 
standing for one hour. The Xanthates precipitated nickel and 
cobalt as insoluble compounds.
To the filtrate free from cobalt and nickel but containing 
an excess Xanthate, an excess of copper sulphate solution was 
added to remove the excess Xanthate as insoluble copper Xanthate.
The solution was then filtered and the excess copper in 
the filtrate was removed by means of barium sulphide solution. 
Copper was precipitated as copper sulphide, and the excess 
barium as barium sulphate. The solution was filtered and the 
filtrate was tested for zinc, molybdenum, cobalt, nickel, iron 
and arsenic. The tests showed a complete absence of all the 
above elements.
The solution on testing was found to be completely free 
from hydrogen sulphide or sulphur dioxide.
From the result obtained by the above method of puri­
fication it can be concluded that it is possible to substan­
tially free the catholyte from lead, copper, zinc, iron and 
molybdenum.
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MODIFIED PROCESS FOR PURIFICATION OF 
Mn ELECTROLYTE ______ ___________
The great drawback of the previous process is that the 
electrolyte is filtered a large number of times. This in­
creases the cost of storage and handling, and entails elabor­
ate filtering arrangement. The following process, eliminates 
a number of filtration steps:
The manganous oxide was leached as before and the iron 
and arsenic were removed by alkaline oxidation in the presence 
of manganous hydroxide.
Two liters of the filtrate free from iron and arsenic, 
but containing nickel, cobalt and zinc were heated to 70°C 
and a mixture of 2 grams of - 50 - 100 each mesh powdered 
manganese and 0 .5 grams of barium sulphide per litre were 
added &nd the whole was agitated for 15 minutes. At the end 
of this period, there was no tendency to form a precipitate 
with solium ethyl Xanthate. The electrolyte was then filtered 
as rapidly as possible in such a way that it was only out of 
contact with manganese for a short time before the precipitated 
metals were removed.
The filtrate on testing was found to be completely free 
from nickel and cobalt.
An apparatus shown on the next page was designed. It 
consists of a glass funnel 2W diameter and 6M high. At the 
bottom of the funnel, a rubber cork 2n in diameter to fit the 
funnel and having 6 holes was placed. Above this cork, a layer
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of 2 " of cement copper was placed over the filter pulp. In 
this layer of cement copper was embedded a circular lead plate 
of a diameter slightly less than the funnel and having a large 
number of holes. This lead plate had an insulated connecting 
piece coming out of the funnel through the layer of cement 
copper. Another plate of lead, of the shape shown in the 
figure, was arranged in the funnel in such a way that it re­
mains hanging about 1/2” from the top layer of cement copper. 
The lead plate embedded in the cement copper is connected with 
the negative terminal of a dynamo and the other plate suspend­
ed above the top of the layer of cement copper is connected 
with the positive terminal of the dynamo. The funnel thus 
arranged was attached to a bottle which in turn was connected 
to a vacuum.
Two liters of a manganese sulphate leach solution contain­
ing 1 gm./l Ni and 1 gm./l Co and 200 gms./l (NH/^SOhaving 
a pH of 7.5 was prepared.
The dynamo was started and the above solution was poured 
in the funnel until the lead plate attached to the positive 
terminal of the dynamo was completely immersed in the solution. 
A current of 10 amps, was allowed to pass through the solution 
and the vacuum was turned on. The solution was made to flow 
slowly through the funnel into the collecting bottle. Fresh 
solution was added at the top so that the lead anode always 
remained submerged in the solution. After all the solution 
passed through the funnel, the vacuum and the current were 
turned off. The solution in the bottle was poured in a beaker. 
It was found the solution had turned blue.
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Theoretically, the above arrangement should be able to 
remove the Ni, and Co, from the solution as it passes through 
the funnel. The layer of cemented copper acts as a large 
cathode surface. During the passage of the solution through 
the layer of cement copper in the funnel, the Ni and Co should 
get deposited on the copper*
Due to the failure of the preceding arrangement, it was 
decided to modify the apparatus. The modified apparatus is 
shown in the figure.
The cork with sis holes was placed at the bottom of the 
funnel and was covered with a l / B n layer of filter pulp. Above 
this filter pulp alternate layers of manganese and copper were 
placed, beginning with a layer of electrolytic manganese. The 
layers of electrolytic manganese were about 1/ 32M thick while 
the layers of the copper were 1/2" thick. This arrangement 
was attached to a bottle and vacuum arrangement as before and 
a 2 litre solution containing 100 gms./l MnS0 4 , 200 gms./l 
(DH4)2^Q4> 1 Sm* / 1 1 0o, and 1 gm./l Zn, having a
pH of 7.5 was passed through the funnel.
The solution after passing through the funnel was tested 
for Ni, Co, Zn. Ni and Zn were found to be completely absent 
while there was a slight trace of Co in the solution. To re­
move this trace, the solution was again passed through the 
funnel and on examination was found to be completely free 
from impurities.
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The success of the above experiment can be explained 
as follows:
Metallic manganese has a positive electrical potential 
of 1.1 as compared with its salts. The particles of cement 
copper in contact with the metallic manganese attain the same 
potential. Thus, a very large reducing surface is produced. 
Ihen the manganous sulphate solution containing nickel, cobalt, 
copper, zinc, etc., having lower electropositive or negative 
potential,is made to pass through such a layer of copper, 
salts of these metals get reduced and deposit on the copper 
particles. It is possible that intermetallic compounds with 
copper might be formed. The copper can be reactivated by 
treating it will dilute sulphuric acid.
From the above experiment, it can be concluded that the 
apparatus is capable of removing all the impurities in a 
manganese leach solution, more noble than manganese. The 
experiment should be carried out on a larger scale to de­
termine the amount of manganese which is consumed during 
the process of purification.
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